INTRODUCTION
Interaction of sound waves with rough surfaces has attracted attention owing to its significance in several fields. Scattering from wavy surfaces, seabeds, and ice in ocean acoustics has been extensively studied, as has scattering in rough dielectric waveguides, such as optical fibers. In either of these problems the fields can be assumed to be represented by a single scalar potential. The problem we consider here concerns the propagation of guided elastic waves in a planar waveguide having rough surfaces, with compressional and shear potentials that are coupled at each interface.
Most of the treatments of the this problem are either mean field integral transform methods [1] or perturbation methods [2]-[4] . Those which are accurate under a broad range of conditions also typically involve complicated calculations. Those that are easier to manipulate analytically may not give such accurate results for all wave components or in all parameter limits. There is, however, a simple approximate result for scattering from a randomly rough fluid-solid interface that can be conveniently expressed as a product of the zeroeth order (smooth surface) reflection coefficient and a simple function dependent on the wavelength and the roughness parameters. We demonstrate in this paper that this approximate expression, introduced by Eckhart [5] , is entirely sufficient as a basis from which to derive an initial estimate of the effect of rough surfaces in guided elastic wave propagation.
The phase-screen approximation (PSA) ignores any amplitude effects of the scattering and instead considers all the influence of the rough surface to be felt in the signal phase. Strictly speaking, the PSA is valid only in the Kirchhoff limit, when both the rms roughness height h and the fluid wavelength are much less than the roughness correlation length L (h, >., « L). This expression has also been derived by Nagy and Adler [6] from the Kirchhoff integral and has been discussed by Dacol [7] . There has been essentially no work, however, on the effect of rough surfaces on elastic guided waves [4] . THEORETICAL SUMMARY Guided Lamb wave modes can be decomposed into propagating or evanescent compressional and shear partial waves. To derive a free rough-surface (RS) plate wave dispersion relation, we exploit the transverse resonance method [8J, which naturally incorporates the partial wave reflection coefficients at the traction-free guide surfaces. In the geometry assumed throughout, the center of the infinite plate lies at the origin, the guided waves propagate in the Xl direction, and the X3 direction is normal to the plate surface. No field variable depends on X2. 
The PSA model is valid only for propagating partial waves with realltp ,,, but in this treatment we truncate the PSA to avoid negative attenuation for evanescent partial waves. This realization implies that we should take only the real parts of /\'p,. in the expressions for e, 15, and A. For most practical cases, however, this restriction is not important.
Equation (1) is the dispersion relation for a RS waveguide using the PSA scattering model to treat the effective attenuation of partial waves as they interact with the surface. A further simplification is possible if we assume that the shear contribution is large compared the compressional one. For materials where the Poisson ratio is greater than about 0.3 this approximation is reasonable, since the RS losses scale geometrically as (lth)2. Then, let us take >.2 Rj eS. With one further step we can now incorporate the terms 2h2/tp and 2h 2 1t. into effective complex thicknesses dp and d., whose imaginary parts introduce the lossy rough-surface contribution.
Using the explicit form of rpp, from [8J for example, Eq. (1) may be expressed as 
